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Introduction 
ATH PROJECT 
PRELIMINARY DESIGN CuNCEPT 
WATER & SEWER SYSTEMS 
January 11, 1980 
In the post World War II era water has come to be widely regarded as 
a cheap, infinitely available resource. This presumption is going to come 
under pressure in the near future as costs of water and related services 
increase, availability is reduced and quality is degraded. Therefore. 
it is particularly appropriate to examine technological options for con-
\. serving water usage in the ATH. 
r 
Urban domestic water usage is a link in a chain conSisting of: 
.co11ection and storage of fresh water 
.treatment & quali\~ control 
.distribution 
.waste water collection 
.sewage treatment 
.waste disposal 
Everyone of these steps is capital and ene.~ intensive which 
guarantees escalating cost to the consumer. The c~~t increases ~ill be 
magnified because the marginal costs of additional plant and operations 
will be orders of magnitude higher than the cost of ir.-place facilities 
which were built in an era of much lower capital and energy costs. For 
Southern California water production & distribution costs may rise at 
least 1000% by 1985 <as reported in California Business, Sept. 1979 p.29.) 
Also post-Proposition 13 fees and surcharges for water and sewage 
services are revealing. A sample compilation of recent increases in 
California areas made by the governor's Office of Planning & Research 
reported; 
sewer connections, + 93% 
water & drain connections. + 72% 
sewer capacity surcharges, + 403% 
<Source: California Business, October 79) 
. 
.. 
Furthermore. maintenance of public water quality is threatened by 
contamination of regional ground water SOIJrces which will demand expen-
sive control and treatment procedures in the near future. ("Pure 
drinking water no longer a safe assumption". LA Times, Jan 2 1980. 
Copies of this and the above articles are available if interested.) 
However, there are a couple of bright spots in the outlook for water as 
compared to future energy supplies 
1) Though the use of energy in the US has been wasteful, and 
corrective measures will be expensive and will take time to 
imp1ement, the domest~c usage of water has been absolutely 
profligate. Therefore. t:~r ~ h g:-eat potential for substantial 
reduction in domestic wattj~ demand by simply adopting less 
wasteful p~·act1ces. For instance, some surveys indicate that 
where there are strong incentives to conserve water'!. domestic 
usage is cut upto 50S. Such comparative results are cited for 
metered systems vs. unmetered, and volume usage charges vs. flat 
rate fees. Al~ot concerns about overloading a septic tank will 
often induce lower water usage (and related sewage outflows) 
compared with houses connected to cOl1llllnity sewer lines. Obviously 
extended drought conditions enforce a greater respect for water 
conservations as was observed in Northern California in 1975-77. 
2) Another encouraging point is that. compared to the energy situation. 
the solutions to water problems are under our own (ie. local) 
control and can be instituted fairly rapidly. There is. after 
all. plenty of water available in most areas if it is used 
sensibly. Technology is available to solve domestic water and 
sewage problems. The crucial need is for innovative engineering 
effort to apply the technology to meet present & future residen-
tial needs. The ATH will play an important role in displaying 
the range of possibilities, 
Current demands 
Water is a "process" comnodity and is not physically consumed. So for 
a house unit,1nflows equal outflows. (Vapor losses due to sweat. breath. 
surface evaporation. etc are negligible.) A flow chart for a typical s1n-
gle family dwelling (4 people) is shown 1n Figure 1. These data reflect 
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national daily averages for the interior flows and are used as a basis for 
concept development. Detailed engineering design will have to consider 
the extreme variations encountered due to diurnal and seasonal demand 
profiles. Most analyses consider only internal demand flows and leave 
out leakage losses and exterior usage (primarily lawn irrigation) and 
data on the latter items are very sparse. The leakage loss shown is a 
guess based on what comnents were available in the literature. (If 50 
gallons per day seems high consider that a slow leak of one drop per 
second equals about 7 gallon per day. A faulty toilet valve can easily 
waste 100 gallons per day.) 
The interior demand ~ata assume normal appliances are installed 
and used according to current practices. 
Modified demand 
Figure 2 indicates the combined results of; 
1) exercising reasonable restraint in water use (ie. shutting 
off faucet while brushing teeth, etc.) 
2) implementing conservation measures to reduce excessive line 
flow rates as indicated in Figure 2, 
3) Incorporating basic water recycling systems for non-potable 
reuse. 
We do not catalog all of these options & mP.chanisms here because (a) 
they are extensively covered in the literature, (b) do not involve any 
dramatic new technology and (c) are proven applications. 
However, it needs to be emphaSized that the water recycling systems 
are not to be taken lightly. Greywater has to be treated every bit as 
carefully as blackwater (toilet waste) to inactivate pathogenic organisms. 
Also, waste content of grey and black water is essentially the same, as 
indicated by the data shown in Table 1. The major difference is that 
greywater has a higher content of phosphorous (from detergents) and 
grease, while blackwater has higher amounts of nitrogen. 
Any recycling system requires a reasonable attitude on the part of 
all users so as not to overstress filters and equipment capacities. 
Reaso~able common sense may be assumed for the ATH residents. (In con-' 
trast, designs of public and transport based facilities have to assume a 
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high degree of irresponsibility on the part of users which accounts for 
their high cost and elaborate engineering.) 
With due regard for the above observations. basic recYcling systems 
can be engineered from reliable off-the-shelf components and the design 
of relevant ATH modules should not be constrained by them. One are 
where new technology inputs are required is in automatic control & moni-
toring of equipment and process fluids. At the present time bacterial 
activity is effectively controlled by chlorination. at least to the stan-
dards required for uses not involving direct body contact. but continuous 
monitoring of bacterial content is not an availJble option as far as can 
be determined. Also controls and instrumentation should be investigated 
for indicating Simple maintenance needs such as filter cartridge replace-
ment. (For instance. automatic notification of an excessive pressure drop 
across a filter unit.) 
The net result of the measures indicated in Figure 2 is that fresh 
water demand drops from 530 ~allons per day (GPO) to 176. Average outputs 
to the sewer lines drop from 280 GPO to 76. These are very dramatic re~,uas 
for nominal inputs of essentially low level technology. Clearly, there are 
benefits in reduced hot water energy usage as well. We have not formally 
calculated energy savings since this requires more detail on hourly flow 
profiles and physical layout, plus performance estimates of heat exchangers 
which could be used to recover waste heat etc. However, energy savings 
can be expected to be substantial. 
It is the system and usage level indicated in Figure 2 which is used 
as a baseline standard for reviewing what further developments ~ be in-
cluded in defining the initial system concept for the ATH. 
The ATH concept 
It is evident from Figure 2 that any high technology applications 
aimed at further reduction in water demand would have relatively small 
effect. A more signif;cant advantage would be to eliminate the need for 
sewer line connections altogether. This is very much in the ~pirit of 
the ATH project in that it offers significant new flexibility in site 
location, modular design and layout as well as community advantages in 
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reducing s~~age treatment needs. On-site sewage treatment is tech~ically 
feasible and an interesting variety of tested options are available. 
Current initial costs for these systems can run to several thousand 
dollars but th~ are ~ubstantially balanced by the elilRination of sewer 
line laterals, connection fees and annual user rates and surcharges. 
On site sewage treatment 
The sewage treatment system can be broken down into 3 major subsystems, 
A) Fixtures and devices for depoSiting human wastes. 
8) Waste transport mechanisms. 
C) Treatment and disposal of wastes. 
With regard to the ATH; 
A. The toilet equipment must be convenient to use, reliable, 
require minimal servicing, easy to keep clean, and be of 
aesthetic design. It's operation should be odor free and 
permit safe use by people of all ages and physical condition. 
B. Options for the waste transport mechanism are fluid flow 
(water or air), air pressure, vacuum, or mechanical means. 
C. On-site treatment methods include the following; 
* Anaerobic or aerobic digestion tanks emptying into a 
subsurface leach field or seepage pit. 
* Evapo - transpiration beds 
* Composting tanks 
* Inactivation of waste for sanitary offsite disposal 
(packaging systems or chemical holding tanks) 
* lncineration 
There are some other exotic methods devised for manned space vehicles, 
but designed as they are for difficult conditions in deep space (eg, no 
gravity) they tend to be far too complex for direct application to terres-
trial needs. However the space programs are of enormous value in stimulating 
research and knowledge of bacteriological processes, waste treatment, 
instrumentation, and fluids engineering which will benefit future sanitary 
system development. On going design effort will determine the extent ,to 
which some of this technology can be included in the ATH. 
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'~!ny combinations of the lbove A. B. C subsystems were reviewed and 
either of the following systems appear to be most appropriate for the 
initial ATH design concept. 
1) A recirculating oil flush toilet system which transports wastes 
to a central incinerator unit for disposal. A general description 
of this type of system is attached (see Article 1). Principle 
advantages of the system are; 
• Aesthetic. odor free operation since waste rapidly 
settles through the light weight mineral oil. Separation 
of waste and oil is efficient. 
• No water required 
• No sewer line conn;!ction required 
• Incineration is completely sar.itary with small ash residue. 
• No holding tanks or leach fields required. 
2) A higher degree of modular design flexibility is offered by in-
dividual. self-contained incinerator toilet units which need only 
connections to power sources (low DC voltage) and ventilation 
outlets. Further investigation is necessary to confirm the 
suitability of the available hardware. or to determine what 
design modifications should be undertaken to ensure conformlty 
with the final ATH concept. (See Article 2) 
With the waterless toilet system. and retaining the recycling 
mechanism introduced in Figure 2. the preliminary ATH concept is shown 
1n Figure 3. Fresh water demand is reduced from 176 GPO to 128 GPO. 
But most significant is the elimination of the sewer connection. 
Potable water supply 
An obvious next step would be to consider recovery of waste water and 
treating it to potable quality for a complete recycling system. A review 
of the literature suggests that this may not be immediately feasible for 
the following reasons: 
1) Reclamat'ion of potable water requires a foolproof system to 
guarantee removal of potentially harmful substances and inactivation 
of bacteria and virus populations. While it is technically feasible 
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to devise equipment to do this it is difficult to provide the 
necessary instrumentation to continuously monitor for adequate 
performance. This is especially the case for virus detection 
and control. Existing techniques are or.ly economic .at a scale 
well beyond the needs of the single family dwelling and gen!rally 
their operation requires some degree of technical competence. 
2) There are special problems with closed cycle water systems which 
are ina~equately understood. For instance, if medication or drugs 
are temporarily being taken by a resident, what residues and by-
products may accumulate in the recycled water which are detrimental 
to the health of others? Another question under investigation is 
the build up and effects of endocrin secretions in a closed ~ter 
cycle used jointly by males &nd females. Such concerns are of 
importance in small scale systems for space vehicles (and ATH's) 
but assume less significance in the highly aggregated and diluted 
flows within high volume community systems. 
3) Psychological surveys to date indicate that there are generally 
favorable public reactions to recycling greywater for lower 
quality reuse. !ut there are strong negative feelings toward 
recycling any waste water for potable or bathing purposes. These 
are, of course, emotional and irrational responses reflecting 
cultural prejudices of a generally fastidious society. However, 
it would be advisable to treat the whole subject of water re~ycling 
with care to avoid arousing any undercurrent of hostile sentiment 
toward the ATH as a whole. 
Having made the above points it is of interest to consider some 
advanced technology methods for refining fresh water as delivered to 
the house from a well or mains connection. Possibilities include the 
techniques of vapor compression distillation, air evaporation, and vacuum 
distillation devised for use on long term space missions and on ships. 
(Interestingly, the Apollo spacecraft did not include special water pro-
visions for the crew since the hydrogen/OxYgen fuel cells produced more 
than adequate quantities of pure water as a by-product.) With increashg 
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publicity about deteriorating public water supplies, the a~ility of the 
ATH to provide prist"lne, polished water at the tap is bound to generate 
favorable impressions. 
ATH plumbing Systems 
A single line plumbing system should be used for distributing water 
throughout the house, with automatic temperature adjustment made via 
solenoid valves located at the hot and cold water sources. This type 
of plumbing allows smaller diame~er pipes, push button selector control 
and is alleged to save up to 75% of water and heat losses due to purging 
water lines and adjusting temperatures at the faucet as in conventional 
layouts. Many other advantages are claimed. If proven to be valid, 
this type of system would fit very well into the ATH and possibly enable 
additional opportunities for development in conjunction with the central 
computer LYstem. A general description is contained in Article 3. 
- 8 • 
""'.: ...... ~ .. 
• n --
Losses 
A ssuapUons I 
_, .. ••• _ .... >r ..... ..,........ 
-. 
nGURB 1 
Average dally water use (gallons) for typlcal 
slngle laa11, dwelling of 4 persona. 
128 '1'o11ets 
84 Ba th1JJ«/Peraonal 
,- c-
280 rf2 ). 280 Sever LiDes 
L ishes 
200 Irria.tion 
'00. 
Ca.I·-~ns 
Cleaning, Btc:. 
} 
1) Standard appl1ances and to1let f1xtures. CuRet noraal uaace. 
aYaporaUon 
200 Run-off 
Stora Dra1Da 
2) Inter10r flows are baaed on naUonw1de Rnm·.1 &veraces. i'here 1a aoae a.aonal 
var1at1on but not extr_e. 
) £xter\or fluws are & "best guess" for a a1d-callfornia locat10n baaed on ann.al 
d.and. What l1ttle data exist.s sugeata t.bat annual 1nterlor aDd exterior usase 
are about equal, thsrefore f!pre show 1181 be conservative. AVer88ft Bea.»nal 
variation aay push atmaer usage to 2 or ) tlaea tbe winter d-.ncl. 
c-
F"esl-. 
70 
.. -~. 
FIGURE 2 
Modlfied average dailJ d~ with reasonable 
conservation r.eaSU1'es 4: off-the-shelf hardware. 
A sSUllptionsl 
1) 
2) 
J) 
4) 
14 
60 Bathlng/Personal 
64 To~lets 
30 Recycled 
100 Irriat10n 
Carwashlng 
Cleaning. ftc. 
All leaks repaired and equipaent well aa1ntained. 
Low fluah toilets (~ demand reduction) 
12 
76 Sever Line1i 
BvaporaUon 
100 RLlD-off 
S tora Dra1na 
Low flow devices on faucets and showers plus non-wasteful pract1ces,(~ saving). 
Recover bath water and treat for toilet flushing (allow 2O:C overflow loss due 
to dlurna.! deaa.nd sc~ule aiSllatch) • 
.5) Recover rinse water from W&E:'lers for next wash cycle (~ reduction). 
6) Recov'4r all non-toilet. .. "'\Ste 4: treat for exterior use (~ overflow lOss). 
7) Improved irrigat.ion methods IUn less wasteful exterior use ~Uces(~ sav1DC) • 
..... •• 
-, 
Fresh 
Water 
Supply 
128 
20 
Assumptions. 
..... 
-
FIGURE :3 
rhe sewerless house. 
" 0 'roilets )( 
60 Bathing/Personal 
40 Laundry/Dishes 20 
20 Recycled 
12 Drinki 
64 RecYcled. 
100 tion 
00 
Car washing 
Clean1ng,Etc. 
,.' "'~.')'."""" ... 
~ 
92 
""~ .... ~ "r·#>·"".,...· .. ~' ...... ~~:I'o .. ···~'"II.·"·.'~~~ ... 
.. 
28 
128 
...... 
" -
Evaporation 
Run-off 
Storm Drains 
1) No water required for toilets. Install oil flush, incinerating t7pe. 
Only residue is small quantity of san1 tary ash. 
2) All interior water wastes are collected and treated for exterior use. 
No sanitary sewer line connections required. 
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ARTICLE 1 • 
OIL. PL~~TOIL..ET 
Operational Characteristics 
Description: Instead of water, the oil flush toilet uses a 
clear, odorless mineral oil not easily distinguishable from 
water. The toilet can use off-the-shelf hardware with 
slight modifications. Since the oil does not have the same 
scoJring effect as water, a teflon coating is applied to the 
interior of the bowl. The main reason for introducing oil 
as the waste carrier is the need for easy and fast separa-
tion of the carrying media from the waste. The separatirn 
takes place in two steps: (1) The separation and storage 
tank is designed to minimize agitation to allow the wastes 
to settle to the bottom. The partially separated oil is 
then pumped up through a screen to prevent particulate 
matter f~~ passing on. (2) In the oil line to the flush 
tank is an additional filter similar to one found in an 
automobile. This filter removes the remaining particulate 
material and color bodies which have been absorbed by the 
oil. Chlorine is also added to insure no bacteria build-
up will occur. The oil should never need replacement as 
long as incompatible foreign materfals (f.e., crankcase oil) 
are not thrown into the toilet. One typical home system 
employs 20 to 30 gallons of fluid wfth five percent or less 
evaporation per year. 
There are two commercially available alternatives for the 
final disposal of the resultin9 wastes. The wastes m~ be ' 
stored, quiescent, being pumped out once annually by a 
transport vehicle. In this case the storage (and separation) 
tank is sized to hold approximately half the annual waste 
product of th occupants -- the other half being deposited 
at work, school, etc. A family of four needs ab~t a 350 
gallon storage tank for a once-yearly service cycle. The 
other alt rn tfve mploys an incinerator to burn the wastes, 
reducing the volume to about three percent sterile ash. The 
wastes are held in a storage and transfer tank until there 
l'1'lR~" flLAf. 11" CI'I "7C 
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ARTICLE 1 (cont.) 
. .. 
is sufficient waste for incineration. The manufacturers 
claim both systems to be fail safe since they automatically 
shut off if either the storage tank is full or the system 
has a leak • 
. Water Constaption: The oil flush tonet does not require 
water for the conveyance of fecal .attQr. thus saving the 
water commonly cons.-d by conventional tonets. Indoor 
home water consllftption is thereby reduced by .. :; percent. 
The oil flush toilet also allows for the separate treatment 
of g~ and black water. 
Feasibility 
Cost Considerations: The oil flush system is significantly 
IIOre expensive than conventional equipnent. One hone IIDdel 
without incinerator costs $2500. not installed. Other costs 
include electrici~. chelicals. and maintenance. The amount 
of electrici~ used should be low since the pump operates' 
only"during the flush ~cle. The toilet is g,nerally sold 
with a service contract which covers repairs. chemicals, and 
servicing. The once-yearly service ~cle includes pumping 
the tank, replacing the filters, adding chlorine, and check-
1ny the oil level. While the oil flush toilet is mechani-
ca ly more .~phisticated than the conventional toilet, the 
manufacturr~rs have attempted to maintain Simplicity which 
offers fault-free operation. The manufacturers are 
contfnuin~ to review the maintenance and operational re-
quirements of the system. 
Public Acceptancf!: Since the oil flush toflet is outwardly 
similar in operation and appearance to conventional toilets, 
public acceptance should be positive. Also oil exceeds cer-
tain properties of water. lighter in densi~, the oil 
allows human waste to quickly sink to the bottom of the bowl. 
thus providing a better odor trap than water. The manu-
facturer also claims that there will be no mineral or fecal 
matter build-up on the instde of the bowl because of the 
teflon coating, thereby reductng routine cleaning. The 
service contract should remove most of the inconvenience 
associated with such a unit. Cost remains the limiting factor. 
Stage of Development: The oil flush toilet is fully' devel-
oped and has been in use in the United States since 1970. 
As production increases, fUrther modifications will likely 
be made. Although most municipal codes do not allow for the 
use of oil flush toilets, it is presently finding acceptance 
tn rural detached settings where central sewage and/or cen-
tral water do not exist, and where high water table or poor. 
soil percolation characteristics limit the feasibilf~ of 
conventional septic systems • 
Chrysler 
Monogram (Hagic Flush) 
. 
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ARTICLE 2 
INCINERATOR TOILET 
Operationll Chlracteristics 
Descrtption: The fncinerator tonet is I self-contained 
electricilly Ind gas operated sinitary syst.. It destroys 
III liquids, reduces solids Ind eli.inates bacteria by 
burning. The timer which controls the incineration cycle 
is set by lifting the to11et selt cover before use. When 
the seat cover is lowered Ifter use the burn cycle begins. 
The fuel used is naturll gls or propane Ind is ignited by 
means of I replaceable lutomobile SPlrk plug. A blower 
unit ranoves odors, vapors. Ind helt out I four inch flue. 
The incineration ~:le is timed for lbout fourteen .inutes. 
The blower continues for In Idditional six .inutes to help 
cool the canbustion ch.ber. The cycle may be interrupted 
It any ti. for further use; when this is done, the burning 
cycle is autonatically reset for I longer period. An 
1ndividual toilet is designed for use by I f.11y of four 
to six persons. In case of emergency, or for nonnal main-
tenance. it is recommended thlt I gas shut-off vilve be 
placed outside of the toilet. 
Water Consllllption: The incinerator tonet requires almost· 
no wlter. No water is used for the disposal or transport of 
wastes; they are moved mechanically (by I device sim11ar to 
a conveyor belt) from the hopper to the combustion chamber. 
An eight ounce glass of water is required for its weekly 
cleaning. This toilet thereby SlveS the 45 percent of the 
fresh water conventionally used 1n the home by toilets • 
. 
Feasibility 
Cost Considerations: The suggested list price of the incin-
erator toilet in 1972 was $395. Installation, costing about 
$75 in 1972, includes piping I gas line to the toilet loca-
tion, an electrical connection. and the constr.ucttan of In 
exhaust duct with natural draft. Not required are the con-
ventionally installed water line and sewer connection. 
Operation and maintenance costs include the cost of elec-
tricity and gas, estimated at two dollars per week for a 
family of three, Ind the weekly cleaning. The cleaning con-
sists of vacuuming the ashes, cleaning the bowl and incinera-
tor with eight ounces of water. The manufacturer guarantees 
the overall quality of the system for one year and the com-
bustion chamber (free of defects in wor~anship and mate-
o rials) for f1ve years. It is also recommended that a quali-
fied dealer perfonm the installation. 
ARTICLE 2 (cont.) 
Public Acceptance: Because of its comparatively high 
initial and operating costs. its unconventional nature of 
operation. and need for regular cleaniny' the public 
acceptance of the incinerator toilet wi 1 likely be limited. 
There will be many who will consider these characteristics 
an inconvenience. In case of electricit1 or gas failure 
the syst_ w111 not operate. Also. though it is sanitary, 
its cleanliness is not as great as conventional water 
flushing tonets. Minor noise and odors are created during 
incineration. The odors vent through the exhaust duct 
except in rare circlllStances where a downdraft is present • 
. Despite these limitations it is the only toilet found in 
this stu~ that is designed for penmanent installation and 
use which is self-contained. In Clse of water shortages' 
and in situations. where central sewer systaas are not avail-
able and the excavation for tanks and other equipment is 
unreasonable, the incinerator toilet remains a very desir-
able system. 
Jmplanentation: The incinerator toilet is reasonable for 
any scale project. Models are ayailable which operate 'on a 
Simple 12 volt circuit and propane or butane gas which 
makes the toilet adaptable to very remote locations. Its 
environmental impact is positive for its reduction of water 
consumption and its complete, sanitary elimination of toilet 
wastes. Unlike some other systems there 1s no need for 
further "final" disposition of ~tored wastes. Its environ-
mental impact is negative for its energy consumption not 
common in conventional toilets. 
Stage of Development: Though the unit is fully developed. 
fncreased production will likely reduce its high cost. It 
fs necessary to check for local code compliance before 
installation. . 
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ARTICLE 3 
ELECTRICALLY CONTROLLED PLUMBING SYSTEM 
. Operational Characteristics 
Description: Conventional home plumbing employs a two 
line system. one line for hot water and one for cold. The 
plumbing lines begin at the source. the water heater for 
the hot water line and the entry pOint into the home tot" the 
cold water line. and connect to a series of uses ending at 
the farthest appliance. The hot water line can be designed 
into a continuous loop (see Hot Water Recirculating Systems). 
An alternate plumbing system uses a single line connecting 
from the source to tach fixture individually. Because each 
fixture is serviced separately the diameter of the line can 
be smalleri either 1/4 or 3/8 inch. depending on the fixture, 
instead of the conventional 1/2 and 3/4 inch diameter plumb-
ing line. The source for the single line plumbing system 
is a series of electrically controlled solenoid valves 
located within three feet of the water heater. 
Whereas in a two-line system the temperature selection is 
determined at the faucet. in a one-line system the water 
temperature is preset. Instead of a faucet. a spout is 
located at each fixture along with push-button control 
panel. By means of a 12 volt electrical circuit the push 
buttons direct the operation of the solenoid valves. The-
hot and cold water is mixed by solenoid valves to the 
preset temperature upon demand. The selections offered at 
the control panels consist of: 
~ 
TVPlC,AL.. VAL.VE UN IT 
{-
Kitchen SwitSh 
Sa 1 ect But ton 
Hot 
Warm 
Cold 
Drink 
Disposal 
High flow 
Low flow 
Off 
Lavatory Switch 
Select Button 
HQt 
Wann 
Cold 
Off 
ShowerlTub switch 
Select Button 
Wann 
Wann 2 
Wann 3 
Off 
ARTICLE 3 (cont.) 
Result Provided 
- Water directly from the hot water 
hP~y • 
- Hot and cold water blended to the 
preset temperature desired by user 
- Water directly from the cold water 
supply 
- Water directly from the cold water 
supply but bypassing the water 
softener (when applicable) to pro-
vide more palatable drink'ng water. 
- Simultaneous operation of the dis-
posal unit and cold water flow 
- Maxinun preset water flow des~red by user . 
- Provides reduced water flO'A when 
desired . 
- Halts all activtty generated by 
the switch . 
- water d1 rectly from the hot water 
supply · 
' - Water blended to the preset tempera-
ture desiret by the user 
- Water d1 rec ly from the cold water 
supply 
• Stops all flow of water to the fix-
ture 
Result Provided 
- Water blended to the'preset tempera-
ture desired by the user 
- Water blended to a htgher temperature' 
t~n the warm setting 
- Water blended to a higher temperature 
than the warm 2 setting 
- Stop all flow of water to fixture 
In case of a power failure, there is no built-in backup 
system, but a battery may be connected. When the system is 
- installed the w~"" selecttons are preset. but these Rlay be 
further adjusted later by use of.a screwdriver. An addi-
tional convenience is that any outside water fixtures may 
also be operated indoors at a central control panel (i.e., 
swillllling pool filler, lawn sprinklers. etc.). Some appli-
ances need not be connected into the system. as clothes 
washers and dishwashers, which alrea~ use solenoid valves 
in thei r operation. . • 
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ARTICLE 3 (cont.) 
Water Consumption: The manufacturer claims that fts system 
will save the homeowner 751 of the water now being wasted 
by conventfonal systems. Tho 751 water savfngs referred 
to is the percent savings fn the amount of cooled water 
that norm.lly must be drained out of the hot water line 
before ft 1s used. The following chart shows the reduced 
volume of the smaller d1ameter 11ne. ' 
• 
"om1nal Size (in inches) Gallons ~r 100 ft. of t 1n9 
1/4 .405 
3/8 .• 753 
li2 '1.210 
3/4 2.514 
The manufacturer thus finds that -a 30 foot tube run of 3/4 
inch pipe from water heater to faucet, wfth the regular 
plumbing, costs the user 620 gallons per fixture per month. 
With [their system], only 68 gallons are lost. With·one 
shower used once daily [their system] wfll save the home 
owner a fantastic 6,388 gallons of water a year.- . 
The manufacturers feel the solenoid valves (gate valves) 
to be more deper.dable than conventional faucets (~lobe 
valves) against leaks. They also elfmfnate changing washers 
and other routine maintenance associated with conventfonal 
faucets. Since the water temperature is pres~t, no water 
need be wasted in adjusting the temperatu:~ at the tap. 
And finally, the smaller diameter line acts as a -built-in" 
flow control reducing the water consumption but not below 
that necessary for the uses contemplated. A water consum-
ing feature of the system is that each time the water tem-
perature is changed during operation the line must be 
drained before the new temperature is achieved. This also 
takes from three to five seconds. 
Feasibi11~ 
Cost Considerations: The cost of the equipment installed 
of this one line plumbing system is highly depenaent on the 
floor plan and place of installation (home, apartment build-
ing, institution, etc.). The ma~ufacturer has found that the 
system costs between 151 under a~d 51 over conventional 
plumbing in comparable installations. These general savings 
are mainly the result of easier installation. The smaller 
diameter copper 'or plastic tubing used for this system .is 
flexible and may be bent around corners and past obstructions, 
eliminating the need for rigid piping and joints found in ' 
conventional plumbing. The manufacturer also claims that 
the potential water and fuel savings generated by the system 
should be significant. The solenoid valve has been found to 
1 
t 
t 
t 
t , 
i 
. 
. 
s 
, . 
( 
ARTICLE 3 (cant.) 
be ver.y dependable and over the last ten years of its 
installation in the system has had a very good service 
record. Though the system can be installed to replace ,con" 
ventional plumbing when major home remodeling is undertaken. 
it ,.as its greatest cost efficiency when installed as origi-
nal equipment. 
Pub 1f c Acceptance: Conveni ence is one of the fundanantal 
features of this system. By offering water at preset tem-
peratures and at the push of a button much of the fuss 
associated with conventional fa~cets '5 eliminated. The 
water temperature is maintained as long as the hot water 
lasts. Also. small children are better able to operate the 
control panel than conventional faucets. Many outside 
watering chores can also be handled from indoors. For these 
conveniences one does lose a degree of selectivity. For 
those few situations when other than the ,reset flow rates 
or water temperatures are needed. other sources would have 
to be found. 
Implementation: Because the distance from solenoid valve 
to fixture must be minimized, this system is best suited 
for four or fewer dwelling units. The environmental impact 
is positive because the system provides Significant water ' 
savings and should also use considerably less pipe. While 
the system does consume some electr1ci~ for operation, 
this should be more than offset by the energy saved through 
heating a lower Volume of hot water. 
State of Development: The alternate one line plumbing system 
described here has been produced and installed in homes for. 
over ten years. It has the approval of the Unde~riters 
Laboratory (UL) and is commercially available. 
References·: 
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Introduction 
ATH PROJECT 
CONCEPTS FOR ON··SITE WASTE DISPOSAL 
(S/~,/,.) 
A key objective of the ATH is to reduce inteNction of the house 
systa with external (conmunity) syst_ in order to cflllOnstrate ... xi ... 
utilization of on-site resources. One of the supporting concepts is to 
eli.inlte the need for connection to a communi~ sewage system. But to 
achieve this goal it is necesslry to provide for on-site disposal of 
greywater residues & food wastes as wen IS the tonet waste. The Con-
ventional on-site treatment method using a septic tank and seeplge field 
can be quite adequate for the ourpose with proper. care a"d maintenance. 
Unfortunately, the conventional systems require large subsurface lreas 
for leach fields Ind are highly constrlined by local soil conditions. 
Therefore, it is appropriate to investiglte advanced technology 
options for organic waste disposal which are not dependent on locil site 
conditions and do not impose any detri~ntal 10lds on the environment. 
In keeping with the systems engineering approlch ~sed in developing 
integrated concepts for the ATH, consideration of waste disposal options 
should include all types of wastes and residues emanating from 111 sources. 
This memo focuses on the overlll ATH waste disposal problems Ind their 
resolution. 
Daily Waste Generation Model 
In order to analyse the generll problem of waste disposal for the 
ATH a typicil daily flow rite for each type of wlste product WIS dertved. 
Details are displayed in Tlble 1. 
The toilet waste is raw sewage unadulterated with any water, oil or 
other transport medium used to transfer the waste to I central collection 
point. It is assumed that perfect sepa~ation of raw sewage and the trans-
port medium is feasible. 
, 
Garbage waste consists only of ~d residues and scraps from daily 
lIIal preparation. A conventional water flushed garbat. disposal unit is 
not used in order to prevent contallinating large quantities of ",ater with 
biological matter and to avoid subsequent energy penalties fo separation. 
Instead, we assume a convenient means of accumulating fOod wastes in a 
bagging mechanism. A simple, automatic sealing device in a receptacle 
near the sink is ~ sensible alternative. 
Grl1 water is assumed to be collected fl'Oll kitchen, bath, lavatories 
and utility sources. The inclusion of the kitchen water in the grey water 
category is unconventional but is necessary due to the assllq)tion of a 
. sewerless house. 
The kitchen waste water ~ll require pretreatment with I grease tray 
and filtering devices prior to delivery to the grl1 water processing unit. 
A total of 115 gallons of 9rt1 water is rreslllltd to be treated by the 
Lockheed pasturizat10n and reverse osmosis (R.O.) equipment which provides 
104 gallons of clean water for recycling to utili~ systems, irrigation 
, 
or si~ly runoff in storm drains. The 11 gallons of concentrated brine 
from the R.O. unit remains to be disposed of. 
The household generates 7 lbs. of dr,y trash per day of which 5 lbs. 
is combustible material such as paper, plastic, wood, etc. We assume 
it's no great imposition to separate out the 2 lbs. of metal and glass 
at the source. Incentive for this effort is that the metal and glass 
may be considered a useful resource ar.d community pick up and disposal 
may be arranged free of charge. _ Therefore, with on-site disposal of other 
materials all costs reiated to garbage services would be eliminated. 
The yard residue is a highly variant quantity depending on oCCIssio-
nal clean up Gctivities. This materia 'I (all ~rganic) will be shredded 
and stored for eventual disposal on or off site. 
The only other waste materials rot included above art spent filter 
elements and grease trap residues. These may be bagged and treated with 
one of the other sources as appropriate. They would be generated only 
L 
\. 
every 6 IIOnths or so Ind do not impose a heavy load "n Iny of the disposil 
procedures. 
The Wlste generated ·f",. each source his the approxiute dry solid 
Ind IIOsture contents shown in Table 1, all)n, with esti.ted comb~lstion 
energy vilues. The relativlly high valu. for the food matter (11918 BTU 
per lb.) is primarily due to fit and 011 content. 
1 .. , net energy input to or output fran elch source is s ..... on the 
bottoll 11n. of Table 1. These figures incluc16 neither the substantia' 
energy inputs for heating the moisture content to evaporation temperatures 
nor the parasitic losses in processing machinery. Obviously, the Ictual 
net .nergy input and output levels depend heavily on the disposil method 
ultimately chosen. 
Disposal Method Alternatives 
Disposal methods for elch type of Wlste are s .... rizad in Table 2. 
Details follow. Methods to be discussed 111 relate to the sewerless 
house assumption. 
Incineratfon 
Three types of fnciner'ation may be considered: 
• Idvanced multichamber furnace devices 
• pyrolysis 
• wet oxidation 
Advanced technology furnaces can burn ~ny types of material with 
minimal ~'ssion of gases, fumes or smoke. Ideally, I multi-use furnace 
could be built to handle slurrf~s, liq~1ds and solids. Such equfpment fs 
available in moderate "to large shes designed for more or less continuous 
operation. Small capacity units with fntennittent operation present a 
more challenging problem to keep energy demands within reasonable levels. 
Otherwise, they ought to be fa1.tly conventional, reHable, low maintenance 
equi pment 1 tems • 
Pyrolysis involves reducing waste materfals to ash, gas aud vapor 
products within a heated, enclosed chamber (somewhat similar to self -
cleaning oven a~ compared with flame burning of grease deposits). The 
process is less deve~oped than convent;onal furnace incineration with 
consequent reHabll ity and operational unknowns. I t is not yet know" 
• whether small units are avialable for an ATH scale operation. 
t • 
. _----
Wet oxidation is a relatively new combustion process which subjects 
waste material to relatively low temperatures and high pressure air (or 
oxygen) in a sealed reaction chamber. It appears to be particularly 
suitable for disposal of dilute organic material. There is interesting 
potential for significant reduction of net energy input but this advan-
tage m~ be outweighed by complex control mechanisms and safe~ hazards. 
Investigation is underway to detennine feasib111ty and availability 
of each of the dbove incineration processes for the ATH. 
Stabl1izatio •• and Hold 
This method refers to mechanisms for disinfecting organic wastes 
. . 
and accumulating them in a quiescent state for periodic pump out and 
removal. Considering toilet wastes only, one manufacturer claims a 
350 gallon capacity unit is adequate for a four person family and requires 
pumping out once a year. Though such a system may avoid a sewer line 
connection; it is not, strictly speaking, a "sewerless· method since it 
imposes a servicing load on some other sewage disposal facility plus the 
costs of transport. Therefore, this alternative is of less interest for 
the ATH. 
Aerobic tanks 
Aerobic tanks are essentially similar to conventional septic systems 
with the addition of mixing and aeration mechanisms to promote the aerobic 
(oxygen breathing) bacterial activity for digestion of organic matter. In 
contrast, conventional septic tanks are an aerobic (non-oxygen using) 
system. The advantage of the aerobic action is that it can be a consider-
ably faster, more efftcient process if set up and used properly. Therefore, 
smal12r tank capacities and leach fields are required. There has been a 
great deal of research into aerobic processes in recent decades and they 
are included here as a possible option for the ATH, for selected site 
conditions, since they do represent a relatively new technology. 
composters 
This method of organic waste utilization is included as an option 
for ATH residents ~Iho ,,,ould be active gardeners. It provides a old, 
proven method for cheap, efficient conversion of food and yard wastes into 
a va1~able soil supplement. 
~_ .. __ ~_._~ ...... ____ • ___ ,_. ___ ~_~ ___ ,_'. ____ ..• _, .. .., .. _____ • ," ___ .. _________ 0__ .'_ .. "~'""".\~A4r-.1 
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There has been strong development of composting toiletsin Europe 
and elsewhere which is now starting to gain some attention in some areas 
of the U.S. Properly maintained and used, th~ can be a perfectly accept-
able, sanitary method of dis~osal for toilet waste. However, on reviewing 
the literature on the subject it appears that use of these systems require 
the highly motivated attitudes usually found in people deeply involved in 
ecological issues. It is felt that general acceptance of composting 
toilets by a large proportion of the population is not imminent. Also 
more research and analysis is needed on the bacteria and virus content 
of compost residues. In the meantime, it is advisable to exercise the 
same precaution with compost residue as with no~l septic tank Wlstes. 
Therefore for the ATH we consider simple composting of kitchen and 
yard organic matter as an interesting option for residents so situated 
and so ir.clined to use it. But on-site disposal of toilet wastes ~ 
composting methods will not be considered further. 
Evaporation 
There are some interesting possibilities in concentrating the waste 
from the greywater treatment unit by evaporation. This is~n ideal use 
of low grlde solar heat energy. Essentially, wlrm air from I seplrate 
solar panel,or directed from a PV Irr~ cooling channel,flows through In 
evaporator chamber which simultaneously cools the air and vaporizes the 
greYWlter. The evaporator may use either I wick or disc mechanism. For 
instance, a single 8' x 12' solar panel Ind frictional horsepower air 
blower could generate 100,000 BTU's on a reasonably sunnY day which is 
sufficient to evaporate upto 12 gl110ns of water. 
Compact and Hold 
In the absence of an incineration system it will be necessary to use 
conventional means of dry trash dispos~l. If this is the case then high 
ratio. energy efficient compaction units would be required to effectively 
store trash on-site prior to pick up. The reduction in volume would at 
l~ast reduce the frequency (and presumably the cost) of community trash 
services. 
· ( 
Disposal Systems Synthesis 
The utlimate Wlste disposal system for the ATH would be a multi-
purpose incineration device that would burn sludge. solids and liquid 
mlterials. Referring to Figure 2 this mIY be termed the Al-Bl-Cl-Dl-El 
system. The final waste pro~ucts generated by the ATH would be limited 
to sterile ash. glass/metal trash and benign gases and vapors. The 
ash can be buried or disposed of off-site with minimal demands on exter-
nal systems. The glass/metal trash should have economic value and be 
readily accepted for recycling. The gas and vapor wastes would be air 
dispersed with no discernable impact on the immediate environment. 
As mentioned previously. if the ATH residents were so disposed th~ 
could compost the kitchen and yard waste for gardening purposes and 
eliminate some of the demand on the incinerator. (System Al-Cl-Dl & 84-E3). 
For a moderate investment in equipment a solar evaporator could be 
included to concentrate g~ater wastes. If this is achieved the incine-
rator could conceivably become a net energy generator due to the high BTU 
content of household trash. (refer to Table 1). The obvious use of excess 
, 
energy would be to recapture heat via heat exchangers tied,to the hot 
water system. This would supply a substantial portion of hot water h~at 
which is assumed to demand a total input of some 36.000 BTU's per day. 
For any system w~ich includes an incineration option, net energy 
inputs would be r~duced by using heat recovery devices in the flues and 
vents. Detailed energy flow and balance analysis will be conducted as 
equipment data is obtained and specific system configurations are composed. 
__ 11 
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SOURCE 
Product 
Process 
, 
Equ;v. Dry 
So 1 ids (1 bs) • 
Energy Poten-
tial (Avg. BTUI 
LB) 
-. ,-
TABLE I 
AVERAGE DAllY WASTE flOWS &' DISPOSAL REQUIREMENTS FOR 
SINGLE FAMILY DWEllING 
GA HO 
TOILET 
. 
1.1 Gal. Uri ne 1.5 1bs of 115 Gal Grey 5 lb Combustible 
1.3 lb Feces Food Matter Water Materials; plus 
2 lb Metal & Glass 
Oil Flush Bagg1ng System Reverse Osmosis Combustibles to 
Transport (No Water) Treatment uni t. Compactor. Hon-
System 104 Gal. Clean combustibles to 
Water for Reuse. storage for col~ 
11 Gal. Concentra- lection 
ted Was te Wa ter 
for D1sposa 1. 
0.4 0.5 
-
4.5 
7668 11918 
-
8059 
_ ... -._ .. , 
-
Total Enerrs 
Potenti a 1 .BTU) 
Moi sture 
Content (LBS) 
Energy to Evap. 
Moisture (@ 1040 
3067 
10.1 
BTU/LB) 10504 
Net Energy :nput 
(Output) in BTU'sl 7437 
- -
5959 
-
36266 
0.9 96.0 0.5 
- -_._--
936 99840 520 
(5023) 99840 (35746) 
~ ,.. 
.1.5 1 b Grass 
Leaves. Etc. 
-
Shredded & 
Compacted 
0.9 
7391 
6652 
0.8 
832 
(5820) 
~ .... ....:--.:~ 
, •... I .~, .. -,-,. ,. .... ·:-*.~ ... ~n·;.·,,"~-:,,,, ~~~.-:< ~~~ 
-. 
TABLE 2 
AL TERNATE METHODS OF WASTE DISPOSAL 
TOILET GREY WATER YARD 
A. SLUDGE B. GARBAGE C. CONCENTRATE D. TRASH E. WASTE 
1. Incineration 1. Incineration 1. Incineration 1. Incineration 1. Incineration 
2. Stabilize & 2. Stabilize & 2. Evaporation 2. Compact I 2. Compact I 
Hold Hold Hold Hold 
3. Aerobic 3. Aerobic 3. Aerobic 
Tank . Tank Tank 3. Composter 
4. Composter 
~, 
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INTRODUCTION 
The following material presents a baseline concept for the 
ATDH water system consistent with previous memoranda. It is intended 
to identify major components which need to be engineered or selected 
for inclusion in the project. Actual layouts displayed may be 
changed as specific equipment is analysed for the water and/or 
interface systems_ 
;L 
f 
WATER SYSTEM DESCRIPTION 
A diagram of the proposed water system for the ATDH is shown in 
Figure 1. The overall system is composed of the four major subsystems 
outlined in Figure 2 and identified as: 
Conventional Supply 
Rain Collection 
Distribution 
Greywater Recycling 
Conventional Supply System 
Both utility mains and wells are indicated as possible sources of 
freshwater supply. In practice only one or the ~thP.p will be used. The 
obvious advantage of well supplY9 where practicable, ~s the greater degree 
of independence of the ATDH from the external (commun1cty services which 
provides more physical and economic flexibility. 
Another consideration is that an on-site well is the ultimate water 
recycling process whereby local surface runoff percolates to the ground 
water table and is naturally purified prior to being pumped for reuse. 
Filtration and conditioning requirements depend on local water 
supply quality ranging from nothing to fairly elaborate treatment to re-
move or reduce rust particles, turbidity, chlorine, etc. For the ATDH 
it will probably be necessary to provide some treatment in order to at-
tain the highest quality for potable water i~ terms of taste and clarity. 
Ra i n Co 11 ec.t 1 on Sys tem 
Increasing awareness and concern about the critical problems facing 
public water supplies will undoubtly reawaken interest i~ rain collection 
and storage. Theref~re, it is an appropriate consideration for the ATDH 
even though no advanced technology is involved. 
( 
Rainfall at Moffett Field averages 13.3 inches per year with a 
monthly distribution as shown in Table 1 below. 
TABLE I 
Month Rainfall Gallons Percentage· of (inches) Collectable(1 ) ATDH Demand(2) 
Jan 2.9 3625 1211 
Feb 1.9 2375 791 
Mar 1.9 2375 611 
Apr 1.1 1375 351 
May 0.4 500 131 
Jun 0.1 125 31 
Jul 
Aug 
Sept 0.2 2!'0 61 
Oct 0.6 750 191 
Nov 1.7 2125 711 
Dec 2.5 3125 1041 
13.3 
1. 2500 sq. ft. roof area and 20% loss due to evaporation, etc. 
2. Assume 3000 gal/month u~age (net of extensive recycling) in 
Nov., Dec., Jan., Feb •• and 3900 gal/month rest of year. 
The actual amount of rainwater which could be collected depends on 
cistern size and daily rainfall and storm patterns. However, rain is ob-
~iously a Significant resource. A 1000 gallon (approximately 5X5X5 ft) 
cistern would probably retain most of the potential catchment. In addition, 
the cistern would also provide buffer storage for recycled greywater and in-
crease overall utilization of this resource also. 
Greywater Recycling System 
The system shown allows for maximum recycling of all greywater generated 
within the ATDH. The major subsystem is a pastur;zation/reverse osmosis 
unit originally designed for long term life support in spacecraft. The unit 
can reclJim and pudfy to potable st .. mdards better than gOt. of all greywater. 
·L 
The pasturization process eliminates the need for chlorine or iodine addi-
~ t.tves for disinfection by holding the fluids at 1650 f. for a suitable length 
of time to eliminate pathogens. It may be desirable to operate the unit at 
higher temperatures (2000 f.) for greater reliabili~. At the higher tampera-
tures, holding time is ~uced and flow rates through the reverse osmosis 
\, units are sign1flcantly increased. This and other engineering design tradeoffs 
will be investigated as specific data on flow rates and component sizes are 
r 
, 
t 
developed. 
Water Distribution System 
The distribution of water within the ATDH is designed around the Ultra-
flow system, (Using direct routed, single line, small bore pipes, which 
deliver water at preset temperatures via electrically actuated solenoid 
valves). This system offers the ultimate flexibili~ in design and greatly 
simplifies'distribution of the three grades of water circulating within the 
ATDH. In addition the syste~ has the potential for significant water and 
energy savings by reducing the amount of water normally wasted in purging 
lines used in conventional dual pipe pl~ng. 
Referring to figure 3. there are five inputs to the Ultraflow control 
unit deriving from three water sources A(fresh). B(recycled), C(rain). 
AH R Heated potable freshwater from mains or well. 
AC • Cold potable freshwater from mains or well. 
BH • Heated recycled water. 
eC • Cold recycled water. 
C • Stabilized rain water from cistern 
There are many ways to use the various grades of water, only one of which is 
indicated in Figure 3: 
(a) Only A grade potable freshwater is delivered to the kitchen sink and 
otner areas where a potable outlet is required, such IS a bathroom. 
(b) Grade B recycled water would be suitable for any utility and personal 
hygiene use. (Public attitudes may dictate the optional use of grade 
A for bathing purposes, however.) In any case grade A would be auto-
matically switched on whenever grade B ;s not available. 
(c) Grade C water will be used for exterior uses as shown. If grade C 
supply runs out at any time then grade A would come on line automatically. 
i 
.. , 
The only reason that relatively pure, soft rainwater might be graded below 
the B (recycled) water would be due to the economics of treating all water 
to the ~a~ standard of reliability. Otherwise, grades Band C could be 
lumped together to enable a simplified distribution system. 
The relative ease with which water grades can be switched and distributed 
according to demand is a powerful feature of the Ultraflow system in ~he 
ATDH application. 
Control logic for the Ultraflow unit is indicated in the following 
diagram: 
SV''-I.Y ~ I 
".,1111.. ;V tv 
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The distribution system indicates the possible tie-in of the garbage disposal 
and toilet units. Ideally, these functions will not use any water at all, 
however some connection may be needed depending on the type of units to 
br installed. Clearly, this would not present a problem as far as water 
distribution is concerned. 
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SYST M CONTROL AND MONITORING 
Extensive monitoring of the w ter system will b required to provide 
d t for: 
p riod computer r ports on wat r and energy usage, 
verification of components operation, 
notific tion of scheduled m tnten nce needs, 
w rnings on system faults with diagnostic information 
and fault location. 
Four typ s of sensor mechanisms are indicated by th coded fl gs in Figure 4. 
Codes ar s follows: 
Sensor 
Cod Fun tion 
'0 ' Op ra ti ng check for pump 
controls and critic 1 flow 
lines 
'P' Pres ur diff r nti 1 ch ck 
for filt rs nd tr ps 
'l' 
'T' 
lev 1 indt t r for t nk 
unit 
T s t t bil; i n u i p-
ment ( h10rination 
un . t ) 
n;oor wi 11 wir d into th 
nn d f r ontt ton. 
n ( • ki h n) will 
Indic tor 
Green 
R d 
Flashing R d 
Gre n 
R d 
Fl shing Red 
Gr n 
R d 
flashing R d 
Normal 
F ult cond1tion 
Fault condition 
Nonnal condition 
Filt r chang immin nt 
Change filt r 
Norm 1 
High 1 vel 
Ov rf10w condition 
Nonnal 
R charg or s rvic 1mmin nt 
R ch rg or s rvic unit 
h rn man m nt comput r and will b 
An indi tor 1; h loc t d at cony n1 nt 
ntinuou ly indi t st tus of th w t r 
t' n NOl'llltt i 
R Rutin ma n nail illinin n 
lLl hill R d r uil'd r f ult nditi n 
On a red light condition the homeowner will call up appropriate messages 
on a screen or printer which will display the maintenance action required 
(eg. change filters on unit X) or describe the fault condition and location. 
The most critical situation encountered in the system would be a mal-
function or overload in the reverse osmosis equipment. This will trigger 
a shut down of the unit and automatically cut off the electric Ultraflow 
circuits controlling water supply to those units producting greywater. This 
emergency action is necessary to prevent overflow of the untreated greywater 
since in a "sewerless" house there would be no place to dump it. In actual 
practice it may be advisable at some residence locations to include a very 
small septic tank and subsurface leach field as a back up to the greywater 
recycling and waste treatment systems. However. the purpose of the ATDH 
is to demonstrate the technology options available and appropriate safety 
features for the most stringent environmental situations that may be encoun- . 
teredo Therefore. high reliability systems design is of paramount importance. 
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WASTE MATERIALS GENERATION 
The principal links across the water waste disposal systems interface 
are shown in Figure 5. 
Waste from sources number I, 2, 3 and 4 will be spent filter cartridges 
and clogged screens. The types of filters which are renewed by backwashing 
would not be desirable in the ATDH system due to complications in disposal 
of the flush water. Therefore, units using replaceable element~ will probably 
be emphasized. The ultimate disposal of the spent materials is a problem to 
be addressed in the waste treatments systems definition. 
Conventional grease traps (waste source IS) are usually small, permanent 
type tanks, with baffles to settle and separate floating grease from waste 
water, and which are designed to be cleaned periodically. For the ATDH the 
grease trap should be a completp.~y disposable plastic unit which can be . 
conveniently disconnected fromthe drain line and replaced entirely. This 
type of trap is more likely to be serviced properly since total replacement 
would be a considerably more aesthetic task than cleaning. Also an entirely 
disposable unit provides temporary containment of grease wastes pending 
ultimate disposal. 
Waste from source Nt ,the reverse osmosis unit) will be concentrated 
residues from the greywater cleaning cycle. This may be in the range of 
5-10 gallons per day of concentrated greywater residues which will flow 
to the waste disposal system. 
Waste items #7 and 68 (garbage disposal and toilets) are included here 
merely as a reminder thdt some connection with the water system may be 
required. A waste disposal system which uses no water for these functions 
will, if feasible, greatly simplify both waste disposal and water systems 
design. 
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SYSTEM DESIGN 
The mission of the ATDH project is to demonstrate technological options 
for future housing construction and operation within a realistic setting. In 
addition it will provide an invaluable. full scale test bed for a variety 
of equipment and procedures for implementing future technologies. This objective 
contrasts with some previous demonstration projects which have attempted to 
select a particular item. or set of items. to meet set guidelines which pres-
su.e to describe typical future personal and community needs for housing. 
As a result. for the ATDH project, it is not so important to optimize the 
design of anyone system as it is to provide a layout which can accommodate 
a wide range of equipment and usa:~ scenarios. The water system suggested 
in the previous sections is intended to meet this provision. Final design 
must await specific information on components likely to become candidates · 
for inclusion in the project. 
In order to size the various parts of the water system on a realistic 
scale, the following baseline daily needs of for a family of four (two adults, 
two children) may be used: 
Average Gallon ~er Da~ 
Function Cold Hot Total 
- -
Baths 10 20 30 
Showers 10 20 30 
lavatories 4 4 8 
laundry 10 25 35 
Dishwasher 15 15 
Utility Sink 1 4 5 
Ki t chen Sink 4 5 9 
Totals 39 93 132 
There is very little data to go on fo r estimating water used for 
the ex t er io r purposes. and what there is i nd icates a wide variance 
i n both qua ntity and ti me of usage. As a gene ral guideline a household 
m y use an averag of 25 ga ll on per day dur ing the fou r winter months 
( ov . • 0 .• Ja n . . F nd an ave ra of about 100 all n per d y the 
" c; 
r 
flushing and recharging some part of the water system. or refilling a pool, 
etc. 
A possible set-up for the ATDH system is indicated in Figure 6 which 
would provide some flexibility in demonstrating a number of optional demand 
and service scenarios. 
FIGURE 6 
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OPTIONS FOR SYSTEM DEt~NSTRATION 
To illustrate the kinds of operating configurations that could be demon-
strated in the ATDH water syst~m several options are briefly outlined below. 
The point here is to stimulate creative dialogue and generate more ideas prior 
to finalization of the system design. 
Option 1 shows one way of supplying the total 132 gallon per day interior 
requirements. As before, 'A' grade indicates freshwate~ and 'B' grade indicates 
recycled water. Subscripts 'e' and 'H' signify cold and hot water demand. 
Bath 
Showers 
lavatories 
laundry 
Dishwasher 
Utility Sink 
Kitchen Sink 
Total 
OPTION 1 
Ae 
4 
4 
8 
4 
5 
9 
10 
10 
10 
1 
31 
20 
20 
25 
15 
4 
84 
A flow diagram for Option 1 is shown below where numbers indicate average 
gallons per day. 
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Option 1 represents about the ultimate in recycling potential since 
it requires a total freshwater input of 17 gallons per day. This input almost 
exactly compensates the estimated 101 (13 gallon) losses from the water cycle 
due to non-replaceable usage and greywater processing residues. 
The more likely configuration to be adopted by most ATDH "residents" 
is given in Option 2. 
OPTION 2 
AC AH 
Bath 10 20 
Showers 10 20 
lavatories 4 4 
laundry 
Dishwasher 
Util Hy Sink 
Kitchen Sink 4 5 
Totals 28 49 
OPTION 2.. 
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This configuration requires a daily freshwater input of 77 gallons plus 
55 gallons of recycled water. The 64 excess recycled gallons are diverted to 
rade lei s or e or ru no f drains . 
t 
Either of the above configurations is a dramatic improvement over the 
approximately 300 gallon daily usage in the conventional four person residence. 
Another interesting possibility would be to use freshwater for all cold 
water and potable needs,and recycled water for the non-potable hot water 
demand. This is displayed in Option 3. 
OPTION 3 
--
AC 
Bath 10 
Shower 10 
Lavatories 4 
Laundry 10 
Di shwasher 
Util; ty Si nk 1 
Kitchen Sink 4 
Total s 39 
OPTION .3. 
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A number of advantages might accrue f om Option 3 including: 
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(a) Th fr shwater heating a k could be liminated. Th nomin 1 hot 
water needs at he itch n nd 1 vatory sink would be suppli ed 
y in tan ho w r dice 10e ed he f ue s or th 
Ul a 10· col lJ ; • 
( . 
(b) All the recycled water would be held, or flow through, I 160°F 
heating tank which provides added sterilization protection. It 
would then be diluted with cold freshwater as necessary. 
(c) Only 48 gallons of fre$hwater are needed for average daily system 
inputs. 
In summary, many arrangements are possible with Ultraflow controls 
which could include any co~bination of 4-way mixing between the AC' ~, 
BC' and BH inputs to provide the desired dilution of recycled water with 
rreshwater. 
An interesting further possibility for any of the three o?tional confi-
gurations outlined above is to use a commercially available desalination 
device to ~upply the freshwater from S.F. Bay waters. S~~ 1nfc,~tion 
on a unit produted by Allied Water Corperation (South San Francisco) 
is appended. A unit which produces upto 80 gallons of potable quality 
water per day currently costs $4000. 
Such an input source would isolate the ATDH from all water utility lines 
and demonstrate the degree of independence possible. 
The model shown is also a reverse o~~~is (or hyperfiltration) device 
based on similar principles to the unit for gr~ywater recovery previously 
discussed as a candidate for the ATDH. However. the commercial model is 
"high bypass" mechanism which circulates saline water at high volumes, 
extracting about 20 of the water in the process and returning some 80~ 
to the source. For the greywater proceSSing unit a "high product ratio" 
device is required which recovers the maximum amount of greywater and minim;zes 
residues to be further processed for disposal. 

Allied Water 
INVENTED the 
Portable RIO 
Desalter ••• 
Allied Water understands smail-scale, 
portable RIO water desalting systems 
because Allied invented them back in 
1976. Starting with the concept that 
the world needed ~ human-scale sea-
water desalting system, one tt':at didn't 
require heat or chemicals, Allied Inno-
vated the enargy-efficlent, reverse 
osmosis systems that are "OW syn-
onomous with the Allied trademark 
"SweetWater ... '" 
Allied's concept represents a radical 
depart:Jre from traditional thinking in 
the RIO watl1,- desalting establlsh-
ment-whtfi6 lile emphasis h"s bHn 
primarily on producing ever-larger sys-
tems. Allied's initial "water machine" 
reversed this trend. Smaller than a TV 
set end draw:ng less power than a 
window air conditioner, it produced 
200 gallons of fresh water a day from 
virtually any feed source. At last, a 
practical, low-cost. low-malntenance 
desalting system was available for 
everybody who nHded It-for com-
mercial and private boat 9wners, iso-
lated bad-water communities, crews 
working In areas where fresh water 
supplies had to be flown in. 
The SweetWater 
Series III ••. 
a BEITER water 
System 
AU SU lnt.,t 
5'"1 H.,d .... 
SweetWater units desalt and purify 
water for only a few dollars per 1,000 
g£lIonl, and Initial equipment costs 
Bre modest. A SweetWater system is 
also available to operate on virtually 
any power source and In nearly any 
environment one may find in any part 
of the world. 
SweetWator Series III represents the 
third generation "st.te-of-art" in 
amall-seal" reverse osmosis wolter 
purification. No other small unit is 
comparable. Many innovations and 
modifications have been made since 
the earlier introduction of the Sweet-
Water :!ystems to reduce maintenance 
and impro~a overall reliability. 
Allied Water now produces Sweet-
Wr <lr ststems for a thirsty world at 
its new manufacturing and research 
center In South San Francisco, Cali-
fornia. tJecause Allied Water is the 
leader in human-seale RIO water 
systems, f'nd is not a part of a multl-
prod\Jct company with other interests. 
It can maintain and guarantee exact-
ing standards in every unit delivered. 
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The physical demands of a good sea-
water RIO desalting system are 
Incredibly tough to meet Not only 
must com~onents on the hlgh-
pressure (800-1000 P.S.I.) side of the 
system provide long-term Integrity-
but they must also resist the extremely 
carrosrve effects of the seawater Itself. 
Years of constant testing and research 
have gone into the SweetWater 
Series III to make it the most reliable 
RIO unit on the market today. All 
components, many specifically made 
for this application, have been con-
tinuously field tested to Insure reli-
ability. SweetWater Series III Is 
designed to stand up in the most 
adverse application. 
To make a good thing even better, 
SweetWater Series III can be equipped 
with a fail safe electronic monitoring 
control. If salinity. sterilizer level. 
high-pressure systems. or prefiltration 
vary only slightly from preset stan-
dards. the unit simply shuts itself 
down and tells you what Is wrong. 
And the way the unit Is designed. any-
one car. usually correct a shutdown 
easily and quickly with simple tools. 
Unl ike rnany portable RIO desalti ng 
syster;ls. th e SweetWater Series III 
has b en carefully thought out. 
deslQ:led and tested with long-term . 
reliability and life-support conscious-
ness In mind. It Is definitely the 
BETIER water system. 
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The SweetWater 
Desalting 
Process ••• 
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Capacities from ' 
40 to 2,000 gal/day 
meet any type of 
application ••• 
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Sw etWater syst lms are a complete 
product line of sm II-scale se water 
de!lalters producing 40 to 2000 U.S. 
Gallons per d y of drinking water 
from s water. Sp cllic c p cities 
ara: 40·. 80, 200, 600, 1O00, 1500, 1150 
and 2000 U.S. Gallons per d y. Th s 
syst ms af m3nufAc tured In thro 
I v Is of construction stand rds s 
descrlb d bol w. 
. Electronic 
Controla 
In the SweetWaler Serle. III, .. aw ler 
(or brackish waler) I, pumped through a 
premter network to ramove silt and sus-
pended solidS. The" .t • pressure or 800-
1000 P.S.I., w.ter, .t car.rully controlled 
velocities, Is applied to ... Ir-cl.anlng, 
spirally-wound, b.ct.rla-reslsta"t m.m-
br.ne or poly.ther amid • . About 20% or 
the 'e.dwater actually p ..... through th. 
m.mbrane a. Ir.sh w.ler with .Imost all 
the salts removed. Desalted w.ter Is usu-
.lIy th.., run through an optlon.1 clrbor. 
rlll.r .nd ullravlolet sterllllar ror redun-
d.nt bact.rla remCivl1. The .nd product 
Is sort, sweet, pur. w.t.r for human life 
support. 
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